TRbhodora

JOURNAL OF THE
NEW ENGLAND BOTANICAL CLUB

Vol. 80 January, 1978 No. 821

A TAXONOMIC REVISION OF SAGINA
(CARYOPHYLLACEAE) IN NORTH AMERICA!

GARRETT E. CROW

Sagina (Pearlwort), a genus of the Caryophyllaceae, consists of
about I5 species indigenous to the cool temperature regions of the
Northern Hemisphere. The genus is well defined, although it is
occasionally confused with superficially similar taxa of Spergularia
and Arenaria. Confusion with taxa of Colobanthus, the genus
most closely related to Sagina (Pax & Hoffman. 1934). seldom
occurs because Colobanthus 1s a circumaustral genus.

T'here has been, however, confusion within the genus regarding
delineation of taxa. Wright (1935, p. 1) commented “I find among
my friends many who are unwilling to give a definite opinion on
Saginas, regarding them difficult to determine. I think such opinion
arises from inadequate realisation of the extreme variability of these
plants.” The extreme variability within the genus has generated
nomenclatural recognition of numerous variants, especially in Eu-
rope, the primary center of diversity for the genus. Many of these
taxa were based on characters which are inconsistent in expression.

Previous work of a revisionary nature in Sagina is limited. Works
include only a revision of the British species of Sagina by Williams
(1918) and a treatment of the species of Sagina occurring in Japan
by Mizushima (1960).

My study was undertaken with the intention of assessing the
variability within the genus and attempting to clarify interspecific
and ntraspecific relationships. Over 6000 herbarium specimens.
Furopean and east Asian as well as North American. were ex-
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amined. Most of the North American taxa have also been studied
in the field and 1in a growth chamber. An analysis of the seed
morphology. utilizing scanning electron microscopy, has been help-
ful 1n assessing relationships within the genus.

This revision 1s presented to provide a better understanding of
the species in North America. to contribute to the knowledge ot
the entire genus and to benefit resolution of problems in the clas-
sification of other genera of the subfamily Alsinoideae.

HISTORICAL ACCOUNIT

Botanical history of Sagina begins in the 17th Century with the
finding of S. nodosa by John Goodver on August 12, 1626, “on the
boggy ground below the red Well of Wellingborough in Northamp-
tonshire” in Great Britain, recorded in Johnston’s Herball in 1633
under the name “Saxifraga palustris alsine foha”™ (Wilhams, 1918:
Druce, 1932). In 1719 Dillenius included the Pearlworts under the
generic name Alsinella in his Catalogus Plantus, a pre-Linnean
name perpetuated by Hill (1756) in The British Herbal and by
Greene (1891) in Flora Franciscana.

The generic name Sagina first appears in print in Linnaeus’™ Sys-
tema Naturae in 1735. His Genera Plantarum (1737b) indicates it
was based on S. procumbens. In Species Plantarum (l.innaeus,
1753) the genus included two tetramerous members of the tribe
Alsineae, Sagina procumbens and Moenchia erecta, and a third
species. Bartonia virginica, now recognized as belonging to the
(Gentianaceae.

Presl (1826). in his Flora Sicula, was the first to include any of
the exstipulate Spergulas in the genus Sagina. Dumortier (1827).
on the other hand, recognized the non-stipulate Spergulas of Lin-
nacus as a distinct genus, Phaloe. Reichenbach (1827) lhikewise
regarded this group as a separate genus, giving 1t the name
Spergella. Fenzl’s (1833) redefinition of Sagina retained only §.
procumbens of Linnaeus’ genus and incorporated Reichenbach’s
Spergella. Koch (1837), in the first edition of Syvnopsis Florae
Germanicae et Helveticae retained Reichenbach’s Spergella in the
genus Spergula as sect. Spergella. In the second edition (Koch,
1843) he transferred sect. Spergella to Sagina, thus erecting the
subdivisions in Sagina as sect. Saginella, including the 4-merous
taxa, and sect. Spergella, comprising the 5-merous taxa.



1978] Sagina — Crow 3

Although this subdivision 1s sometimes followed in European
tloristic works, it neither adequately reflects natural relationships,
nor provides a practical basis for classification. Not only are there
both 4- and 5-merous plants within taxa, but individual plants may
have both types of flowers.

Moss (1920), in his treatment of Sagina for the Cambridge
British Flora regarded the species as being too closely allied to be
meaningfully subdivided into distinct groups higher than series.
Thus, he treated the British Saginas in four series: Nodosae, Sub-
ulatae, Procumbentes, and Apetalae. With the exception of ser.
Apetalae his groupings are quite natural. However, they deal only
with the British species.

Mizushima (1960) likewise concluded that generic subdivision
does not merit rank above series level and attempted to apply
Moss™ series to the east Asian Saginas, but found it necessary to
redefine these series. Unfortunately he based these divisions on
4-merous taxa versus S-merous taxa.

Recently, Love and Love (1975) have expressed the viewpoint
that Sagina, at the generic level, is heterogeneous, and they sup-
port recognition of three genera on cytological grounds: Sagina L ..
characterized by a basic chromosome number x = 11; Saginella
Koch (never published at the generic level) with a basic number of
x = 6; and Spergella Reichb., with a basic number of x = 7. Un-
tortunately both taxa which the Loves transferred to Spergella
(Sagina caespitosa and §. intermedia) have a basic number of x =11
(not x = 7). In my opinion neither cytological nor morphological
evidence suggests that Sagina should be divided at the generic level.

FILORAL MORPHOLOGY

Inflorescence. The flowers of Sagina are borne singly and are ter-
minal and axillary in position. Vivian (1942) has shown in an
investigation of phyllotaxy in S. procumbens that this apparent
floral arrangement is, in actuality, a modification of the typical
caryophyllaceous cymose inflorescence, a uniparous scorpioid cyme.

Flowers. The flowers are quite small and generally inconspicuous.
Both pentamerous and tetramerous flowers occur. Gynodioecy has

been observed in some European populations of Sagina procum-
bens, S. saginoides, S. nodosa and S. nivalis (Miiller, 1883): how-
ever, this state has not been observed in the North American plants.
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Figure 1. Sagina nodosa. Flower showing nectariferous gland at the base of

outer whorl of stamens (opposite sepals).

Glandular hairs occur associated with the flowers in several taxa.
Most densely concentrated at the calyx base and uppermost por-
tion of the pedicel, the hairs are uniseriate, arising from the ep’
dermis and consisting of three or four cells with a knobbed glar
at the apex (Figure 2).

Calyx. The sepals are separate to the base and elliptical to orbicu-
lar and blunt at the apex. Rarely are the sepals acute and this is
never characteristic of a taxon. A narrow band of hyaline tissue
occurs around the margins of the sepals and i1s generally whitish.
When anthocyanins are abundant in the sepals the whole sepal may
take on a purplish cast. More frequently, color i1s concentrated in
the hyaline margin or sometimes only the tip takes on the distinctive
purplish tinge. In bud the sepals are imbricate, cupped and fre-
quently cucullate. Sepal size does not increase during capsular
maturation.

Corolla. Occasionally emarginate, the petals alternate with the
sepals, are thin, white, elliptical to orbicular in shape, have a short
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claw at the base and are typically blunt at the tip. Development
occurs late in the bud stage, and in some taxa the petals remain
poorly developed, vestigial, or aborted. In the annual taxa the
petals are frequently caducous. In taxa where the petals are shorter
than, equal to, or slightly exceeding the sepals, there 1s very little
shrinkage and no withering. Petals which conspicuously exceed
the sepals wither considerably following anthesis.

Androecium. The stamens occur in one or two whorls and are the
same number as or twice that of the styles. Stamens of the outer
whorl, opposite the sepals, are nectariferous at the base (Figure 1).
In cases where there 1s one whorl, 1t 1s the outer, nectariferous whorl
which 1s present. Meiosis and pollen grain maturation take place
very early in the bud stage, long before stamens take on a mature
form. Anther dehiscence 1s longitudinal and extrorse. Individual
cases of aborted stamens are not uncommon 1n the genus. Anther
dehiscence more frequently occurs prior to floral anthesis and sta-
mens are only very shghtly exserted beyond the calyx and never
exceed the stigmas. Filaments ultimately bend toward the stigmas,
effecting self-pollination.

The pollen grains (Figure 3) are spherical, range between I8 u
and 36 u 1n size (mean = 27.5 u), and are periporate. The pores
have a distinct annulus, are ca. 30 in number, and are evenly dis-
tributed. The tectum has indistinct perforations and 1s distinctly
scabrate (terminology from Faegri & Iversen, 1964).

Gynoecium. The ovary is 4- or 5-carpellate with formation of carpel
walls arrested early in development, resulting in free-central pla-
centation (Lister, 1884). Ovules are campylotropous. Coherent
styles arise from a disc at the apex of the ovary. Elongation occurs
just prior to or at anthesis, the styles separating and their inner
surfaces becoming papillate and stigmatic. Styles alternate with
the sepals and are opposite the sutures of the capsules.

Fruit. The fruit 1s a capsule with the number of capsule valves
equal to that of the styles and sepals. Sutures run from the apex
to the base, dehiscence varying from one-fourth the capsule length
to the entire length. The capsule remains green until late in the
developmental stage and becomes tan or straw-colored upon ma-
turity. According to the fruit classification of Kaden and Kirpiczni-
kov (1965), the fruit type would be termed a cerastiocarpum.
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Figure 2. Sagina nodosa. SEM micrograph of pedicel showing glandular hairs.
< 200

POLLINATION

T'he tlowers of Sagina are all capable of self-fertilization. How-
ever, a trend exhibiting a progression from outcrossing to selfing
and culminating in cleistogamy can be observed within the genus.

T'he tlowers 1n Sagina open under bright conditions. The sta-
mens of the outer whorl secrete some nectar and insect visitation 1s
thus solicited, though somewhat feebly. Under dull weather con-
ditions the flowers usually remain closed and self-pollination occurs.

I'here appears to be a strong correlation between petal size and
tendency to inbreed, for those plants with the strongest tendency
toward selfing and toward cleistogamy are those in which the petals
are reduced or lacking.

Sagina nodosa, the strongest outcrosser, 1s the largest flowered
species, with petals being about twice the length of the sepals. The
stamens occur 1n two whorls. The anthers of the outer, nectarifer-
ous whorl dehisce at anthesis, while the stigmatic surfaces remain
unexposed. Later, the stigmatic surfaces become exposed. recep-
tive and cross-pollination 1s encouraged. When the sepals close
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and push the inner whorl of stamens, with its remaining pollen.
onto the stigmas, autogamy results (Wright, 1935).

A further step toward self-fertilization can be seen 1n Sagina
procumbens. In this species the androecium 1s generally reduced
to one whorl, the outer, nectariferous whorl. At anthesis the stig-
mas are receptive and curled toward the stamens. The filaments,
In turn, are bent toward the stigmas and the anthers shed their pol-
len directly onto the stigmas. The nectaries are functional and a
few small flies and bees have been reported as visitors (Knuth,
1908). However, the tendency is clearly toward self-pollination,
for even in favorable weather the flowers frequently remain closed
and effectively pollinate themselves.

In Sagina apetala, an annual whose petals are lacking or quickly
caducous, pollination takes place quite regularly prior to the tlower
opening, if, indeed. the flower opens at all.

DISPERSAL

The tiny, light seeds of Sagina are well adapted to wind dispersal.
Under calm weather conditions dispersal 1s minimal and seeds re-
main in the vicinity of the parent plant. In species where dehiscence
occurs along the entire length of the sutures, capsule dehiscence 1s
somewhat explosive and seeds are scattered several inches. Rain-
drops appear to be an effective means of scattering seeds in those
species where capsule dehiscence is less than half the length of the
capsule. Brodie (1951) has observed this splash-cup dispersal mech-
anism in Sagina decumbens ssp. decumbens and has measured dis-
persal distances up to I8 inches.

Although dispersal is minimal on quiet days, when there 1s a high
degree of air turbulence near the ground light seeds can be lifted to
sufficient heights for long distance dispersal to take place (Ridley,
1930; Dahl, 1958; D. Love, 1963). The seeds of Sagina are regarded
as prime candidates for long distance dispersal (D. Love, 1963) and
are categorized as “dust diaspores” by Van der Pyl (1969).

PHYTOGEOGRAPHY

Native taxa. The modern distribution patterns of boreal and cool
temperate species in North America reflect the effect of Pleistocene
glaciation. Thus the postglacial distributions of Sagina must be
evaluated in this light and an attempt be made to determine where
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Figure 3. Sagina nodosa. Pollen grains. a. < 1000: b. X< S000.

the taxa may have survived the glacial advances.

Circumpolar Sagina nivalis 1s widespread 1n the North American
Arctic and appears to have survived the Pleistocene in the Beringian
refugium. A large portion of Alaska, including the Bering Strait
region and the North Slope remained ice-free during glacial ad-
vances (Péwe er al., 1965; Heusser, 1965) and the geographical dis-
tributions of numerous arctic species suggest a “Beringia radiant”
pattern (Hultén, 1937).

Although portions of the high Arctic Archipelago do not show
signs of glaciation (Fhint, 1957; Savile, 1961), this region probably
did not serve as a refugium. One would not expect a region like
the northwest Elizabeth Islands, with a depauperate flora and
stunted plant growth, to function as a survivium (Savile, 1961).
Savile 1s of the opinion that the flora of this region 1s one recently
derived.

Present on Prince Patrick Island and Axel Heiberg Island. but
not between, the distribution of Sagina nivalis shows a noticeable
gap 1n the region of the northwest Queen Elizabeth Islands. The
gap apparently does not retlect lack of collecting, for Savile (1961).
who has done much collecting in this region. notes that the distri-
butions of a number of widespread arctic species exhibit this pattern.

Rare disjunct populations ol Sagina nivalis occur southward n
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the alpine habitat along the Cordilleran system to Alberta. It is
possible that these populations are relictual. Another possible ex-
planation 1s that these populations are a result of long distance
dispersal having become established in suitable niches in newly
opened habitats 1n the glaciated alpine of the Cordilleran range.

Sagina caespitosa, a rare species, exhibits an amphi-Atlantic dis-
tribution, occurring as a coastal plant in the eastern Arctic. western
and southern Greenland, and as a montane plant on Iceland and
In Scandinavia. The existence of coastal mountain refugia, as de-
scribed by Dahl (1946), provides the most plausible explanation of
survival. Dahl notes that nunataks occurring in western Greenland
support a relatively rich flora. The populations occurring in the
eastern Arctic of North America have distinct affinity with popula-
tions of western Greenland, pubescence of pedicel being present in
both, while plants in populations of southern Greenland. Iceland.
Jan Mayen and Scandinavia are completely glabrous.

The circumpolar distribution of Sagina saginoides correlates al-
most entirely with montane regions of the Northern Hemisphere.
Hultén (1958) notes that the Pleistocene fragmented many circum-
polar distributions. This seems to be the case here.

In North America this species survived Pleistocene glaciation in
the southern portion of the Cordillera. Although mountain glacia-
tion occurred during the Pleistocene., Weber (1965) points out that
large areas in Colorado were free of ice. In the Sierra Nevada.
glaciers descended to 1300-2200 meters elevation but numerous
refugia existed throughout the range (Wahrhaftig & Birman, 1965).
Recession of alpine glaciers in the Olympic Mountains occurred
during continental expansion of the Cordilleran ice sheet, thus ref-
ugia occurred nearby at the time the Puget Sound lobe reached its
maximum (Crandell, 1965).

Mount Albert, on the Gaspé Peninsula of Quebec, has a serpen-
tine summit which supports an alpine flora containing a curious
Cordilleran element, including Sagina saginoides. Fernald (1925b)
considered these disjuncts to be relictual, persisting through the
glacial period on this unusual nunatak, but his theory has lost much
credibility. Marie-Victorin (1938) does not consider this serpentine
habitat as a nunatak. but rather regards it simply as a place where
arctic plants can survive while others cannot. The presence of S.
saginoides at one locality on the eastern shore of Hudson Bay, one
locality near Schefferville, Quebec, on the Labrador-Quebec Penin-
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Figure 4. Seed types. a. saginoid seed type. Sagina apetala, oblique view show-
ing dorsal groove. X 200: b. crassuloid seed tvpe. S. maxima ssp. crassicaulis, lateral
view., X 200

sula. and on the Gaspé Peninsula seems better explained as the
result of long distance dispersal. The diaspores of the Saginas
clearly have properties conducive to long distance dispersal by wind
(Love. D.. 1963: Van der Pijl. 1969). These isolated populations
illustrate well “a case-in-point™ in support of “Baker’s Law™ regard-
ing long distance dispersal which basically states that for self-com-
patible taxa a single propagule 1s sufficient to start a new colony
and that establishment is much more likely than establishment of
self-incompatible taxa (Baker, 1955, 1967).

Sagina maxima ssp. crassicaulis, a strictly coastal taxon, was
largely unaffected in the lower and major portion of its range. To
the north. however, its range was abruptly truncated by the Cor-
dilleran ice sheet. Hultén (1937) regards the taxon as one of his
“Western America Coast Radiants.” Migration northward along
the coast was likely rapid during the post-Pleistocene as coastal
winds may have facilitated rapid dispersal for species with light
disseminules (Calder & Savile. 1960; Savile, 1961). Such dispersal
would have been enhanced during periods when sea level was lower
(Heusser. 1960). Heusser (1960) notes that some diaspores are quite
capable of traveling long distances over water, citing as evidence
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the composition of the flora of Middleton Island, Alaska. Sagina
maxima SSp. crassicaulis (as S. crassicaulis) 1s recorded in this flora
(I'homas, 1957). The range of S. maxima ssp. crassicaulis reaches
northward and westward to Attu Island in the Aleutians.

With the retreat of the ice along the Alaskan coast, the Asiatic
Sagina maxima ssp. maxima was also able to extend its range
along the newly opened North American Pacific coast.

While the region south of the glacial boundary provided the
major source of plants for the revegetation of western North Amer-
iIca, nunataks along the coast of British Columbia and Alaska served
as refugia during the Pleistocene. One nunatak complex was the
Queen Charlotte Islands, which are noted to have both floristic
endemics (Calder & Taylor, 1968) and faunal distinctions reflect-
ing separation from mainland relatives (Heusser. 1960). It is en-
tirely possible that Sagina maxima ssp. maxima or perhaps even
both ssp. maxima and ssp. crassicaulis could have existed as refu-
gees on this nunatak complex. However, Hultén (1937) considered
Sagina maxima ssp. maxima (as §. litoralis Hult.) as a Beringia
radiant.

[ocating a survivium for Sagina nodosa ssp. borealis presents
a problem, as 1t occurs entirely within the glacial boundaries of
eastern North America. A number of northern species display this
distribution pattern, perhaps reflecting a periglacial element (Crow.
1969). Some southward migration of northern species was made
possible in part by slightly cooler climatic conditions and in part
by lack of competition on the newly exposed coastal terraces and
alluvial deposits during withdrawal of the sea (Braun, 1947). Sagina
nodosa would be well adapted to the periglacial situation. for it is
a successtul pioneer plant on rocky shores and gravelly beaches.
[ts capacity for vegetative reproduction through the production of
numerous bulbils in the leaf axils increases its effectiveness for rapid
migration. Inability to compete well with later successional vegeta-
tion might explain its absence from unglaciated regions south of the

glacial boundary.
In Europe Sagina nodosa ssp. borealis 1s restricted to the north-

ern glaciated regions, apparently having migrated from North
America following the retreat of glaciers. Subspecies nodosa, hav-
ing survived the Pleistocene in southern Europe occurs more widely
in the southern regions of that continent and where the ranges of
the two taxa come together intermediates are not infrequent.
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Sagina decumbens ssp. occidentalis, a plant of somewhat dis-
turbed habitats at lower elevations of the coastal mountains of the
Northwest and of the Great Valley of California. occurs almost
entirely within non-glaciated territory and reaches its northern
limits at the southern border of British Columbia. The coastal
mountains were free from ice, with the exception of a few high
peaks in the northern portion (Crandell. 1965: Wahrhaftig &
Birman, 1965). In the Great Valley there occurred depositions of
large amounts of alluvial soil derived from erosional activity in
surrounding mountain systems (Wahrhaftig & Birman, 1965).
TI'his disturbance probably provided numerous sites suitable for
this taxon.

Hulten (1937) considered the taxon as a “Western America Coast
Radiant.” However, specimens from his area identified as Sagina
occidentalis (S. decumbens ssp. occidentalis) were misdetermina-
tions of plants belonging to the Sagina maxima complex.

T'he present distribution ot Sagina decumbens ssp. decumbens
does not readily retlect events of the Pleistocene as its distribution
in eastern United States, primarily the Coastal Plain and Piedmont.
1S within unglaciated territory.

Figure 5. Saeina decumbens ssp. decumbeny. a. seed showing tuberculac borne

on ridges. % 200: b. non-tuberculate surface with rnidges torming reticulate pattern.
200)
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Introduced taxa. The presence of Sagina procumbens in North
America as a native of the flora 1s a matter open to speculation.
In the Northeast the plant occurs frequently on coastal rocks and
sands and sea chiffs, along stream banks, stream beds and rocks in
streams and in springy places. Occurrence in such habitats might
lead one to include 1t as a native species. However, 1t appears to
be equally frequent along roadsides, disturbed ground and around
gardens, lawns and dwellings, and in cracks between bricks of side-

walks and pavement.

Torrey and Gray (1838) questioned the status of the species as
a native of North America, but subsequently Gray (1895-97), and
later Fernald (1950), regarded the species as native. Hultén (1958)
includes the species among his “amphi-Atlantic plants,” but, 1n a
questioning tone, he notes that the species 1s anthropochorous to
a large extent and attributes a great portion of its Eurasian range
and possibly its presence in North America to this type of dispersal.
It 1s noteworthy that in North America the species 1s most widely
established 1n areas of early settlement, New England and the Mari-
time Provinces, and 1s especially prevalent in Massachusetts.

Man 1s certainly responsible for the species’ occurrence in the
Southern Hemisphere. Hooker (1847) observed Sagina procum-
bens to be abundant near the sea in the Falkland Islands and con-
sidered 1t most certainly native. However. he also noted that i1t was
indistinguishable from European material. Is it any wonder? Port
l.ouis had been settled in Berkeley Sound by Bougainville in 1763
(Godley, 1965), and ships from Europe regularly visited the i1sland
during the 79 years prior to Hooker’s visit to this locale. He
searched carefully for the plant in Fuegia but did not encounter it.
He also indicated he knew no other locality for the plant in the
subantarctic region.

Subsequent to Hooker’s explorations in Fuegia, an Anglican
mission and settlement of Ushuaia was established along the Beagle
Channel on Isla Grande, Tierra del Fuego. On an expedition to
this region in the austral spring of 1971 I found Sagina procumbens
to be very abundant in such disturbed sites as roadsides and grassy
meadows of logged and burned sites in the Nothofagus pumilio
forest region; 1t also appeared very natural growing in a gravelly
stream bed at the east end of Lago Fagnano. This latter site 1s
along a gravel highway (the southern extent of the Pan American
Highway). In contrast, the plant was not found on the uninhabited
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eastern tip of the island, Peninsula Mitre, nor on uninhabited Isla
de los Estados, even though “weedy” species native to Fuegia were

present (Crow, 197)5).
Sagina procumbens has become frequent throughout the sub-

antarctic where man has been active. Although the species was
not encountered by Hooker on either the Campbell or Kuerguelen
Islands, R. C. Harrnis (personal communication) reports that he
found the plant to be frequent at both localities and that growth
was so lush in places on Kuerguelen that, on occasion, reindeer
(also introduced) feed on 1t.

Man’s activities are most certainly responsible for the occurrence
of the species in central and western North America. By the time
of the writing of Part 1 of 4 Flora of North America (Torrey &
Gray, 1838) Sagina procumbens had appeared in the iron mining
regions of the south shore of l.ake Superior, presumably intro-
duced tfrom eastern North America.

Introduction into the Pacific Northwest probably took place in
the latter part of the 1800’s. The earliest collections I am aware
of include one specimen from Oregon, collected by Elihu Hall in
871 and one specimen from Vancouver Island, collected by John
Macoun, May 9, 1875. As of 1894 the species had apparently not
reached San Francisco, where 1t 1s now quite common, for i1t was
not included in Greene’s Manual of the Botany of the Region of
the San Francisco Bay.

| am of the opinion that Sagina procumbens became introduced
into northeastern North America shortly after settlement and soon
became naturalized. Introduction into the Northwest most likely
came by way of ships sailing around Cape Horn and could have
originated from plants from eastern North America or Europe.
The early collections 1n the Northwest are associated with coastal
civilization while more recent collections indicate the plant 1s be-
coming naturalized in more remote areas of this region.

Sagina apetala 1s an alien which probably appeared in California
during the rapid influx of civilization in the mid-1800’s. The earliest
recorded specimen | have seen 1s that of Congdon, collected in
April, 1883, in Mariposa Co., California, where the species was
probably a well established weed by that time. California collec-
tions prior to 1900 include: Mariposa, Tuolumne. Tehama, Plumas.
and San Joaquin Counties. As early as 1892 the species had reached
southern Jackson Co., Oregon. Greene (1891) described the plant
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as a new species (Alsinella ciliata) \n hs Flora Franciscana.

Gray (1895-97) indicated the presence of the species in the Mid-
dle Atlantic States region, especially near the coast. The specimens
he cited, however, belong to Sagina decumbens ssp. decumbens. |
have seen four herbarium specimens from eastern North America

referable to §. apetala.

Sagina nodosa ssp. nodosa appears to have been introduced from
Europe prior to the mid-1800’s. The earliest collections known were
made by J. Blake at Cape Elizabeth, Maine in 1857, and collections
prior to 1900 included localities from Massachusetts to Nova Sco-
tia. Several introductions may have occurred, and the taxon ap-
pears to be especially well established along the coast in Lincoln
Co., Maine and 1n the region of Digby, Nova Scotia. The taxon
1Is not weedy, and Seymour (1969) notes in The Flora of New
England that the plant 1s “uncommon.”

The normal range ot Sagina maxima ssp. maxima extends into
North America by way of the Aleutian Islands down along the
Pacific coast. However, this chiefly northeast Asian taxon also
occurs 1n eastern North America. Here 1t 1s of incidental intro-
duction, occurring sporadically and does not appear aggressive or
spreading. Known localities include Toronto, Montreal and Que-
bec, Canada and Ambherst, Massachusetts, where plants were found
growing in damp places around buildings and along footpaths.

The east Asian Sagina japonica has appeared at only three
localities, all seaports, in western North America. As early as 1889
Macoun collected the plant at Nanaimo, Vancouver Island. Suks-
dort made collections of the species at Portland. Oregon in 1899
and 1900. In 1939 the plant was found growing along a railway
bed at Prince Rupert, British Columbia. A single collection, found
as a weed 1n a botanical garden 1n Ottawa. Ontario, 1s known from
eastern North America.

TAXONOMIC CRITERIA

Taxa within species complexes of Sagina native to North Amer-
ica are largely allopatric. While sterility barriers are believed to be
poor between taxa, isolation 1s effective due to habitat preference
and/or flowering time, combined with an inbreeding reproductive
system. Generic subdivision 1s based chietly on seed morphology
correlated with floral and vegetative morphology and geographical
distribution. Because none of the species can be discriminated by
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Figure 6. Geographical distribution of Sagina nodosa ssp. nodosa in North
America.
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use of any single character, they have been recognized on the basis
of combinations of various characters. Taxa reflecting less distinc-
tion are treated at the subspecific level. These subspecies are geo-
graphically well defined and include considerable morphological
variation. Intergradation occurs 1n regions of geographic overlap.
While plasticity in the American taxa 1s generally too great to
permit meaningful varietal distinctions, the varietal rank might be
appropriate to accommodate some of the diversity within certain
subspecies in Europe.

The constancy of characters expressed in the taxa of Sagina 1s
important 1in determining the reliability of characteristics for de-
lineating taxa. As the taxa of Sagina are highly variable, presence
of a particular characteristic or a combination of characters must
be regarded as more rehable and indicative of a taxon than ab-
sence. The following characters are particularly noteworthy.

Two types of seeds occur and I have found them to be diagnostic
of sectional subdivisions of the genus. The saginoid seed type.
characternistic of sect. Sagina, 1s obliquely triangular, possesses a
dorsal groove, and 1ts sides are drawn inward (Figure 4a). The
crassuloid seed type, characteristic of sect. Maxima, 1s more nearly
reniform or globose, lacks a dorsal groove, and its sides remain full
and plump (Figure 4b). I regard the crassuloid seed type as primi-
tive 1n the genus, and only two species in the genus. Sagina nodosa
and S. abyssinica, express intermediacy 1n this character.

[L.eaf succulence 1s likewise sufficiently stable to be used as a
character state for distinguishing sect. Maxima from sect. Sagina.

Presence or absence of pubescence at the base of the calyx and
upper portion of the pedicel i1s reliable in some species. However,
In Sagina nodosa and 1n S. decumbens ssp. decumbens and ssp.
occidentalis, presence of pubescence 1s not consistent within popu-
lations or even on a single plant. In the North American popula-

tions of S. caespitosa glandular pubescence is sometimes only a
weakly expressed character.

One character frequently used as distinctive in Sagina saginoides,
S. procumbens and S. subulata 1s the retlexed nature of the pedicel
on fruiting specimens. Actually, the pedicels are recurved only
during capsular development and become erect at the time of cap-
sular dehiscence. Often this character 1s not visible in herbarium
specimens, but when 1t 1s present the character 1s reliable.
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Figure

Sagina nodosa ssp. borealis. a. hiving specimen, Lake Superior. On-
tario: b. herbartum specimen. [ake Superior. Ontario (Foss 17319, MICH).
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The character state of tetramerous versus pentamerous flowers
has previously been regarded as very important not only in the
delineation of taxa, but especially in characterizing infrageneric
categories. In several taxa, however, both tetramerous and pen-
tamerous flowers may occur on a single plant. In each case, one of
the flower forms will predominate, and caution must be exercised
regarding the use of this as a key character. The character state
of tetramerous versus pentamerous flowers is not useful at all for
distinguishing the infrageneric categories recognized in this study:.
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Figure 8. Geographical distribution of Sagina nodosa ssp. borealis in North
America.

SPECIMENS EXAMINED

In this study measurements are based on dried material using a
millimeter rule. Measurements of seeds and stamens were made
under 30X magnification.

In the citation of herbarium specimens abbreviations of insti-
tutions follow those of Index Herbariorum 6th edition (Holmgren
& Keuken. 1974). Specimens from the following herbaria were
examined: BM. C. CAN. CAS. CO1.0. DAO. DS. F. E. ENCB. GH. JEPS. K.
LE. LINN. MICH. MIN. MO. MONTU, MSC, NA. NEBC. NHA. NY. OSC. P.
RM. S. TL. UC. US. WAT (University of Waterloo; abbreviation not
listed in Index Herbariorum), WIS, WS, WTU.

FTAXONOMIC TREATMENT

Sagina Linnaeus, Sp. PL. 1: 128. 1753.

Alsinella Dillen. ex Hill, Brit. Herb. 225. 1756, in part.
Phaloe Dumortier, F1. Belg., p. 110. 1827
Spergella Reichenbach in Moessler. Handb. d. Gewachsk. ed. 2. 1: 65. 1827,
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Low annual or perenmal herbs; tufted, caespitose or matted.
Stems ascending, decumbent or procumbent, horizontal stems
becoming slightly woody in mat-forming species. Basal rosette
or basal tuft of leaves present in perennial species, absent or early
deciduous in annuals, rarely persisting. Secondary rosettes present
in mat-forming species. Stems glabrous or glandular pubescent.
Cauline leaves opposite, linear to subulate, scarious-connate at
base: non-stipulate. Flowers small, whitish. terminal or axillary.
4- or S-merous. Calyx base and upper pedicel glabrous or glandu-
lar pubescent. Sepals obtuse with scarious margins and obscure
veins. cupped and frequently cucullate in bud. Petals undivided.
frequently absent or caducous in annual species. Stamens equal to
or twice the number of stigmas, in one or two whorls, outer whorl
with nectaries at base. Styles the same number as the sepals and
alternate with them. recurved at anthesis, inner surface stigmatic,
papillose. Capsule many seeded (ca. 125), 4- or 5-valved, sutures
running to base, valves opposite the sepals. Seeds (0.25-) 0.3 mm-
0.5 (-0.6) mm long. obliquely triangular with dorsal groove or
reniform to nearly globose with dorsal groove lacking, smooth,
pebbled, papillate or tuberculate.

TYPE SPECIES: Sagina procumbens L. lectotype designated by
Britton and Brown (1913) and also adopted by Britton (191¥),

Hitchcock and Green (1929), and Phillips (1951).
About 15 species. chiefly of the cold temperate Northern Hem-
isphere. Primary center of diversity, Europe; secondary center of

diversity, eastern Asia.

Table 1. Comparative Features of Sagina Sections Sagina and Maxima

Character Sect. Sagina Sect. Maxima
Center of diversity Europe eastern Asia
Seed type saginoid crassuloid
[Leaves not fleshy (sometimes distinctly fleshy

only slightly fleshy)

Flowers 4- or 5-merous; 5-merous;:
morphology tends to morphology tends to
favor inbreeding encourage outbreeding
Sepal length 1.5-2.5(-3.0) mm 2.0-3.5 mm

Capsule length 1.5-3.0 (4.0) mm 2.0-4.5 mm
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KEY TO NORTH AMERICAN SPECIES AND
INFRASPECIFIC TAXA OF SAGINA

a. Flowers with petals nearly twice the length of sepals, 3.0-4.5 mm long; leaves of
upper main stem and lateral branches usually bearing axillary fascicles of mi-
nute, succulent leaves, giving a “knotted” appearance. (Sect. Sagina, in part; see
R B oy S o S N R S B R el b e s s O n e A s h AL o b.
b. Stems glabrous, occasionally weakly pubescent at the nodes, pedicels and

calyx bases glandular pubescent or glabrous. ... 1b. S. nodosa ssp. borealis.
b. Stems, pedicels, calyx bases and frequently leaf margins glandular pubes-
¢ | PR P PP L R SR PR SIS R la. §. nodosa ssp. nodosa.

a. Flowers with petals shorter than, equal to, or barely exceeding sepals, up to 2.5
mm long or absent; cauline leaves lacking axillary fascicles of minute succulent

L PN A Sy S Ry Sy PR T v S ARy Mg SR VP SRV SN L O C.
c. Flowers 5-merous: leaves succulent; seeds reniform or nearly globose, plump.
lacking a dorsal groove. (Sect. Maxima; see Table 1.) ................. d.
d. Seeds dark brown, distinctly tuberculate. ............. 10. S. japonica.
d. Seeds reddish-brown, smooth or slightly pebbled. ................... e,

e. Calyx bases and upper portion of pedicels glandular pubescent .. ...
.................................... 9a. §. maxima ssp. maxima.

e. Plants entirely glabrous. ........... 9b. §. maxima ssp. crassicaulis.

c. Flowers 4- or 5-merous; leaves not succulent, or if slightly succulent, then
flowers predominantly 4-merous; seeds obliquely triangular, dorsal groove

present. (Sect. Sagina, inpart; see Table 1.) .....coiveiivrivieeineensess f.
f. Plants annual; stems capillary; upper cauline leaves subulate, becoming
BROIET TOWEEA ADEX O BIBI. & 5 i sttt s i b5 b ol Bl e bt b g T g.

g. Flowers 4-merous; hyaline portion of leaf bases distinctly ciliate, espe-
cially of the upper cauline leaves; capsules equaling or barely exceed-
TR Y e S A SR S S oo SRR T RS ML SO 8. §. apetala.

g. Flowers 5-merous, rarely 4-merous; leaf bases never ciliate; capsules
s T T s | SRR SR L D ol A A L h.
h. Seeds light tan, with delicate reticulate ridge pattern; surface smooth

or tuberculate (Figure 5). ..... 7a. S. decumbens ssp. decumbens.

h. Seeds light brown, never with reticulate ridge pattern; surface
smooth to shghtly pebbled. ... 7b. S. decumbens ssp. occidentalis.

. Plants perennial; stems not caplllary upper cauline leaves linear, linear-

subulate or if subulate, then plants caespitose. ..........ccvvvrennn.. 1.
. Plants caespitose, forming low cushions, cauline leaves subulate; sepal
IATEAS PUBDIS: 1. 2.5 e s €3 pis o s P S b S R s T s B b a5 (0
). Petals exceeding or rarely equaling sepals, 2.5-3.0 mm long; flowers

S-merous, sometimes accompanied by 4-merous flowers; primary
basal rosette lacking, several secondary rosettes of linear leaves often
PRESEHIE. 765 35 53 Sk 50 156 N I00aA05 A RVR RS SRS S ST ds 6. 5. caespitosa.
J. Petals less than or equaling sepals, 1.5-2.0 mm long; flowers 4-
merous, sometimes accompanied by S-merous flowers; primary basal
rosette of succulent, subulate leaves present, secondary rosettes ab-
SO i 0 iii o5 e SR i b B s s N e i T et 5. §S. nivalis.
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i. Plants ascending, spreading, procumbent or mat-forming, rarely caespi-

tose in alpine plants; leaves linear; sepal margins green or white. .. K.
k. Flowers 4-merous, sometimes accompanied by 5-merous flowers:
petals minute, 0.75-1.0 mm long, sometimes absent; sepals divergent

at time of capsule dehiscence................ 3. S. procumbens.
k. Flowers 5-merous; petals (1.0-) 1.5-2.0 mm long; sepals appressed
or at least loosely appressed at time of capsule dehiscence. ..... l.

|. Plants completely glabrous; leaf tips apiculate. 2. S. saginoides.
|. Plants with leaves, stems, pedicels and calyx bases glandular

pubescent; leaf tips aristate, arista long, equaling or exceeding
JERT WY« 555 56 5 v, 05 n ochin o oo B0 /020 8 6L ¥ 0 T4 S90% 4. S. subulata.

Sagina [.. sect. Sagina

Spergella (Reichb.) Koch, Syn. Fl. Germ. et Helv.. p. 109. [&35. as section In
Spergula. Spergella (Reichb.) Koch, Syn. FL. Germ. et Helv., ed. 2, p. 117.
|843. as section 1n Sagina.

Spergella (Reichb.) Williams., Jour. Bot. 34: 427 1896, as subgenus in Sagina.
TyYprE: Sagina nodosa (1..) Fenzl (lectotype designated herein).

Saginella Koch, Syn. Fl. Germ. et Helv.. ed. 2. p. 117. 1843, as section in Sagina.
TyprE: Sagina procumbens L.

Eusagina Willhams. Jour. Bot. 34: 427, 1896. as subgenus in Sagina. Tyrr: Sa-
gina procumbens L.

Procumbentes Wilhlams. Jour. Bot. 34: 427. 1896, as section in Sagina. Pro-
cumbentes (Willlams) Williams, Rep. Bot. Soc. & Exch. Club Br. Isl. §: 191
1918, as subsection in Sagina. Tyrr: Sagina procumbens 1.

Maritimae Williams. Jour. Bot. 34: 427. 1896. as section. Maritimae (Wilhams)
Williams, Rep. Bot. Soc. & Exch. Club Br. Isl. 5: 192, 1918, as subsection in
Sagina. TYPE: Sagina maritima G. Don (lectotype designated herein).

Nodosae Moss. Cambr. Br. Fl. 3: 24. 1920. as series in Sagina. 1YPE: Sagina
nodosa (1..) Fenzl.

Subulatae Moss, Cambr. Br. Fl. 3: 24. 1920. as series in Sagina. 1yrr: Sagina
subulata (Sw.) Presl (lectotype designated herein).

Procumbentes Moss. Cambr. Br. Fl. 3: 24. 1920. as series 1n Sagimna. 1YPE:
Sagina procumbens 1.

Apetalae Moss, Cambr. Br. FI. 3: 24, 1920, as senies in Sagina. Typer: Sagina
apetala Ard. (lectotype designated herein).

Seeds obliquely triangular, possessing a dorsal groove: leaves not
fleshy, or if fleshy, then only slightly so. Temperate regions of the
world, chiefly Eurasia and North America. TYPE SPECIES: Sagina

procumbens 1..



Figure

Y.

Sagina saginoides
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a. habit. b. close-up of fruiting material.
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la. Sagina nodosa (L.) Fenzl, Ver. Verbr. Alsin. rab. ad. p. 18.

[833. ssp. nodosa

Spergula nodosa 1... Sp. Pl. 1: 440. 1753. Alsine nodosa (1..) Crantz. Inst. 2: 408
1766. Phaloe nodosa (1..) Dumort., Fl. Belgica. p. 110. 1827. Spergella no-
dosa (L..) Reichb., FI. Germ. Excurs. p. 795. 1832. Sagina nodosa (1..) E.
Meyer. Elench. pl. boruss. p. 29. 1835. Arenaria nodosa (1..) Wallr.. Sched.
Crit. 200, in obs. 1822. Alsine nodosa (L.) Krause. in Sturms. Fl. Deutschl.
2ed., 5:34. 1901. TYPE: LINN 604.4. (Lectotype, LINN!).

Spergula glandulosa Bess.., Prim. Fl. Galic. 1: 298. 1807 Spergula nodosa var.

Spergella nodosa var. glandulosa (Bess.) Reichb.. Fl. Germ. Fxcurs. B 79
1832, Sagina nodosa var. glandulosa (Bess.) Asherson. Fl. Brandenb. p. 97,
1860.  Spergella nodosa var. glandulifera Schur. Fnum. Pl Transs. p. 109.
1866. TYPE: not seen. ORIGINAI MATERIAL: In sandy sites in wet meadows
of hills. Lvov, Ukraine. U.S.S.R.

Perennial. Basal tufts of short compacted non-flowering branches
bearing long linear leaves. Basal leaves ca. 1530 mm long, usually
bearing glandular hairs, especially on margins. sometimes glabrous.
Rosettes lacking. Main stems ascending to loosely spreading to
prostrate, with none, few, or many lateral branches bearing only
subulate leaves, | mm long. Lower cauline leaves linear to subu-
late, apiculate to mucronate; axillary fascicles lacking. Upper
cauline leaves subulate, 1.0-1.5 mm long. mucronate. Subulate
cauline leaves of main stem and lateral branches with axillary
tascicles of succulent subulate leaves. giving ‘knotted’ appearance.
Stems pubescent: nodes frequently purplish. Pedicels pubescent
on the uppermost portion. Flowers showy. protandrous. ca. 6-10
mm 1n diameter. 5-merous or 5- and 4-merous. Calyx glandular
pubescent at base. Sepals elliptic, 2-3 mm long; tips frequently
purplish: hyaline margins rarely purplish. Petals greatly exceeding
sepals, rarely equaling or shorter than sepals. (2-) 3.0 4.5 (- 5) mm
long. Stamens 10 or 8. filaments 2.0-3.0 mm long. anthers 0.5 mm
long. Styles long, 1.0-1.5 mm, upper half stigmatic on inner sur-
tace. Capsule valves thick, 3.0-4.0 mm long. Sepals remaining
appressed after capsule dehiscence. Seeds dark brown: smooth to
distinctly pebbled: ovoid to reniform with a distinct notch present
at hilum; dorsal groove present or absent. 0.5 mm long. Chromo-

some number: 21 = 56.

ECOLOGY AND DISTRIBUTION: Restricted to coasts. growing in
moist crevices of rocks along seashore and on sea cliffs and in wet
sand flats at river mouths. From Massachusetts to Nova Scotia.
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rare on Newfoundland and reported once from Anticosti Island
and the Mingan Islands. Probably introduced. Europe. Flower-
ing July and August. Figure 6.

REPRESENTATIVE SPECIMENS: Canada. NFw BRUNSWICK: Charlotte Co., Herring
Cove. Campobello Island. Malte 944/29 (CaN); east side of Whale Cove. Grand
Manan Island. Weatherby & Weatherby 5607 (US). NEWFOUNDLAND: St. Georges.
Bay St. George. Fernald & Wiegand 3344 (Ny. us). New World Island. southern
shore Notre Dame Bay. Fernald & Wiegand 5380 (Gu). Tilt Cove, northern shore
Notre Dame Bay. Fernald & Wiegand 5381 (CAN. GH. NY). NOVA SCOTIA: Anapolis
Co.. Victoria Beach. Adams s.n., 31 July 1937 (pbA0). Digby Co.. Digby Neck.
Bay of Fundy shore. Cox s.n., 28 July 1919 (DA0): Brier Island, Smith, Roland,
Collins, Erskine & Schofield 13 (pa0). Halifax Co.. West Lawrencetown, Bell &
Erskine s.n.. 21 July 1949 (DA0). Queens Co.. near mouth of Broad River. Fernald
& Bissell 21195 (caN. GH). Shelburne Co.: Round Bay, Prince & Anvood 295
(WIS). QUEBFC Anticosti Island Co.. peat bog at Salt Lake., Macoun 24033 (CAN.
's). Matane Co.. 15 mi. east of Mont Joli. Bassert & Crompton 4321 (DAO).
Saguenay Co.. lle @ Charre, Mingan Islands, Si. John 90417 (GH): lle St. Gene-
vieve. Mingan Islands. Sr. John 90418 (GH). France. ISLES ST PIERRE ET MIQUELON
Isthme de Langlade, Arséne 249 (GH).

United States. MaINE: Cumberland Co.. Western Brown Cow, Casco Bay.
Chamberlain & Norton 1116 (vs): Bailey's Island, Harpswell, Cushman 3968 (MIN).
Hancock Co.. Seal Harbor. Mount Desert Island, Rand s.n., 21 July 1903 (UC).
Knox Co.. Matinicus Island. McAttee s.n., 4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>